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GEOTECHNICAL ANALYSIS OF THE FORMATION OF EARTH FISSURES AT
CIUDAD GUZMAN, JALISCO
Enrique Padilla Corona
COSIC - Guadalajara, México
enrique.padilla@cosic-mexico.com
ABSTRACT
In this work the origin and the causes of the earth fissures activation are discussed. They have appeared frequently in Ciudad Guzman
(Guzman City). This city is located in a transition zone between basal rock elevations and the southeastern edge of the Graven of Zapotlan
which is part of the Graven of Colima. The appearance of fissures produces damages such as: settlements and fractures in buildings,
breakage and displacement of pipes for sanitary drainage, water and telephonical network, crackings and settlements in pavements, etc.
Finally, four typical cases of fissure aparition and their consequences are presented. A serie of recommendation that have been
implemented in order to mitigate the damaged caused by this phenomenon are commented.
INTRODUCTION
Meteorological Data
In the south of the State of Jalisco, within the physiographic
province called the Mexican Volcanic Belt, a vast region is
located that corresponds to a great tectonic grave called the
Graben of Colima whose greater center of volcanic activity is
located at the level of the Volcan de Fuego (Fire Volcano); in
this region are located the tectonic graves: Zacoalco – San
Marcos, Sayula, and Zapotlan.
The Ciudad Guzmán (Guzman city) is located in the southeastern
edge of the grave of Zapotlan, therefore, the southeastern part of
the city is located on slopes and is surrounded by mountains,
whereas the rest is based on a great filling that, on a preexisting
basal basin, forms the valley of Zapotlan. A lake is located
around two kilometers away from the city and closed to center of
the grave.

The annual precipitation average is 905 mm, having a maximum
rain intensity of 42 mm during 20 minutes. The months of June,
July and August have the highest monthly precipitation. The
annual temperature average is 21.5° C, the maximum is 39 °C
and the minimum is –5°C during some critical years. The
maximum wind velocity used in structures and building
calculation is 140 kph with an east-west predominant direction in
both senses.
Seismic Characteristics
Guzman city is located within the zone “D” according the
seismic classification of Mexico (Fig. 1) that corresponds to one
of the greatest seismic intensity in the country. The main
registered seismic events in the region are showed in Table 1.

INFORMATION ABOUT THE ZONE
Table 1. Greater Seismic Events registered in the Guzman City.
Superficial Geology
The predominant rocks in this zone are volcanic, the hills and
near mountains are formed by tuff and acid extrusive rocks. The
tuff is formed by strongly cemented silty sands, whereas the
igneous rocks are andesites. The valley in the suburban zones,
particularly in its 20 superficial meters is constituted for
sequences of inert sandy layers with different degrees of
compactness and extremely susceptible to the erosion.
Occasionally, some small clays lenses mixed with sands has been
observed. Superficial layers of argillaceous soft soils appear in
the west of the population corresponding to the lacustrine
deposits of Zapotlan lake.
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Year
1845
1858
1875
1911
1932
1941
1985
1995
2003

Intensity, Modified Mercalli Scale*
VI
V
V-VI
VIII-IX
IX
IX
VI
VI
VI
* Grade in the region
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Fig.1 Seismic Classification of Mexico.
PROBLEMATIC
In this zone earth fissures either have appeared or have been
reactivated with certain frequency due to either earthquakes or
strong storms; situations that have produced very serious
problems to building facilities and roads. In order to describe and
understand this phenomenon a geotechnical analysis was
performed including the use of several mathematical models. The
information included data collected from: the 1985 and 1991
earthquakes, fissures appeared between 1978 and 1998, a
geophysical study and, the resulting stratigraphies from water
wells perforation and geotechnical soundings. The results from
this analysis show that this type of fissures can be generated by
different events or their combination.

Fig 2. Scheme of the biggest fissure in Guzman City.

SEISMIC EFFECTS
Guzman City
During the 1985’s earthquake (September) an earth fissure
appeared which practically divided the city in two parts. The
fissure development sensibly agrees with the contact between the
mountainous slope and the valley. In Fig 2, an approximation
plan of the fissure is shown; notice the great damages caused by
the tremors happened throughout the fissure, such as: water pipe
breakages, damages in houses, temples, and streets, etc. Through
an on-site investigation, it was observed that the ground located
in the northwest of the fissure was settled between 400 and
500mm.
An east-west ground profile (shown in Fig. 3) was developed
based on the obtained information using microvibrators
performed by a group of Japanese Scientifics during the 1985’s
earthquake (Ohmachi et al, 1988) and the revision of the
obtained stratigraphy of the excavation of water wells. The rocky
base inclines lowering from the eastern mountainous region to
the urban area and it is embanked almost exactly under the
referred fissure of the land’s surface, by means of sandy soils
layers that were deposited in the basal rock by water erosion
which moved them from the mountains towards the valley.
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Fig. 3 Estimated soil cross section along the east-west direction
of Guzman City.
According to the revision, the main fissure and others smaller are
originated by the normal faults of seismic origin, i.e., they are
transmitted to the surface through the different sedimentary
layers.
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Earth fissure in the Guadalajara-Colima Freeway
After the 1985’s earthquake, a meticulous revision of the entire
freeway was performed in order to detect possible damages
originated by tremors; the result from the revision showed that
only a zone located in the km 23+460 (Fig. 3) was affected
presenting one diagonal fissure across both bodies of the
freeway.

Fig 5. Fracture of culvert wall (km 23 + 460).
This section was repaired and the left body was finished and put
in operation. After more than eight years from the seismic event,
the fissure found in the surfaces of the freeway and the natural
land is not visible due to the people, vehicles circulation, rains
and, vegetation. The only damaged perceived is the slight
cracking of the culvert, and it is not detected any progress during
this lapse.

Fig. 4. Fissure zone (km 23 + 460).
This area is located in a transition region between San Marcos
and Sayula lakes; this region is a contact zone between a basaltic
rock elevation and a sedimentary filling, whose upper part is
composed from clays having average plasticity and consistency
ranging from softy to medium; the two embankments were
constructed using basaltic slags. During the construction process,
one of the embankments was fully operational since the other
was at subgrade level (Padilla, 1994).
The fissure depicted in Fig. 3 had a length of more than 200 m,
disappearing within an agricultural field. This fissure had an
important impact affecting the natural ground and embankments.
The main difference consists that the crown of the embankments
had an horizontal displacement between 25 to 50 mm, whereas in
the natural ground an additional settlement was detected, this
settlement had a depth of 30 mm at the northwest side of the
fissure with direction to the center of the lacustrine deposits.

Because of the fissure appeared within the contact zone between
the rocky slope and the lacustrine filling, the origin of the fissure
was a small tectonic fault in the buried slope, which was
originated or reactivated during the 1985’s earthquake.
HYDRIC EROSION (SUFFOSION)
Throughout its history, the urban zone in Guzman city located to
the west of the main fault has undergone frequently the
appearance of fissures. The apparition occurs during the season
of rains when very intense precipitation occurs and the draining
are out of control. The water looks for the easy way, then
sometimes the water produces or reopens some fissures such as
the situations occurred: in 1978, a fissure of several hundred of
meters length damaged severely a high school building, houses,
and streets; during 1989 (July), a fissure of 80.0 m length cut the
north access of the Federal highway; another one appeared in
1993 (August) originated by the uncontrolled flow of Chuluapan
River, the fissure length was more than 400m length affecting
drainage works, houses and, streets (Fig. 6).

The settlement throughout the line of fissure caused in a culvert:
the fracture of the walls and the separation between them and the
slab (Fig. 5).
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reduction of the layer volume, originating the apparition of
settlement in the surface.

Fig 6. Fissure caused by uncontrolled flow of Chuluapan River.
The visual apparition of a fissure is the culmination of a process
called suffosion. This process consists in the internal erosion of
subsoil produced by water flow, forming underground conducts
or natural tunnels by subsuperficial dragging of solid particles
when considerable hydraulic gradients are originated.
The mechanism begins locally within subsoil discontinuities, for
example, in zones with non-plastic fine soils concentration
having low relative density; cracks or fissures of another origin
and, the contacts with massive rocks, dragging fine particles
from the soil matrix. The process continues with the
corresponding hydraulic gradient increment causing the biggest
grains move, initiating the piping phenomenon. The piping
causes the concentration of flow lines towards the pipe,
accelerating the erosive process both vertical and lateral
extending the conduct until that the thickness of the ceiling is
reduced, then the ceiling can not support and falls, producing the
apparition of fissures or cracks (Padilla, 1994).
The material that covers the eroded soils has certain stability
always, enough to form, after a period of time, a ceiling on the
conduct. This process can last a short period of time, as it
happened in the fissure detected in 1993, when the blocking of
the Chululuapan torrential river forced the water to look for a
underground trajectory finding an easy one in those zones of low
compacted fills (Fig. 6). In zones located in natural land, the
appearance of fissures originated by hydric erosion requires more
time.
LAND SUBSIDENCE
Another cause of the fissures apparition is the phenomenon
called land subsidence, whose mechanism are defined as follows:
The underground water pumping, besides the phreatic water
lowering, produces irreversible changes in the subsoil physical
characteristics; while the water is removed from the pores among
the soil grains, the corresponding vertical component provided
by the water is replaced by the solid particles. They tend to
rearrange and join themselves in order to get more contacts
increasing their resistance but, at the same time, produce a
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The fissures located in the zones affected by the subsidence
phenomenon do not appear randomly, since current studies
shown the existence of a significant relation between the
underground morphology and the formation of cracks. This
relation exists since the preexisting bedrocks where the later
sedimentary fillings are found, have profiles characterized by
peaks and valleys; when the water is removed to a lower level
from a peak, it produces a greater rearrangement of solid
particles along and around the edges of the pick instead of the
rest of the filling. This rearrangement generates tensile stresses
on the overlying layer tending to separate the sediments when
those stresses exceed the soil resistance then, it is produced a
cracking in the surface of the land located on the top of the
bedrock peak (Sandoval and Barlett, 1991).
According to the previous information, considering the low
compacted nature of the sandy fillings, and the water pumping
using to satisfy the population water requirements have produced
a reduction in the phreatic level of 20.0 m in 30 years. It is
considered that some of the fissures found are originated by the
factors enlisted before. It is important to notice that in the urban
zone the bedrock is located at smaller depth than the center of the
grave (Fig. 3).
CONCLUSIONS
According to the information presented, the fissures appeared in
the Guzman City zone can be produced or reactivated by tectonic
movements, hydric erosion, land subsidence originated by water
pumping, or by mixed phenomena, in other words, by combining
actions of earthquakes and suffosion, subsidence and suffusion,
etc.
As example of combined effects, the fissure apparition in 1989
(August) is described. The zone was located closed to a zone of
water pumping and the federal highway. Initially, some fissures
were detected on the crown of the highway and near lands along
the way (called in Mexico as “road right”). The fissures on the
highway crown did not show vertical unevenness across the line,
then they were considered of tension. The fissures produced
conducts for the infiltration water which increase the size of the
cracks causing the piping phenomena by the underground hydric
erosion; when the size increment of the voids in the subsoil
occurs, some parts in the ceiling failed forming holes aligned in
the surface land. Then, after strong storms, the water flow
increased in volume and velocity, originating the collapse of the
tube, i.e., the fissure apparition (Fig. 7).
All fissures were hidden from the land surface by the effect of
human works, sedimentation and, vegetation. However, they may
be reactivated by natural phenomena such as the vibration
produced by earthquakes and strong storms; in the case of
Guzman city, the high velocity of the water slips, and the
presence of erodible soils determine that the precipitation is an
important factor for the fissure apparition.
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Sandoval, J.P. and Barlett, S.R. (1991), “Land Subsidence and
Earth Fissuring on the Central Arizona Project”, Proceedings of
the Fourth International Symposium on Land Subsidence”,
Houston, Texas, USA.

Fig.7 Repaired fissure on the highway crown.
All fissures were hidden from the land surface by the effect of
human works, sedimentation and, vegetation. However, they may
be reactivated by natural phenomena such as the vibration
produced by earthquakes and strong storms; in the case of
Guzman city, the high velocity of the water slips, and the
presence of erodible soils determine that the precipitation is an
important factor for the fissure apparition.
FINAL COMMENTARIES
In relation with the phenomena of soil erosion, it is interesting to
describe some facts occurring at Guzman city. All the sand used
for the construction is obtained from material located in the
slopes from the “Nevado de Colima” mountain. Every year the
channels of the rivers towards the urban zone are filled by the
phenomenon of hydric erosion, renewing the banks of materials
used during the year.
In order to avoid the harmful effects of fissures in structures,
several solutions exist to solve the problems of foundations: deep
foundations, on-site driller piles bound with pile caps (such as
the access bridge to Guzman city and the Atequizayán passage),
piles combined with abutments of reinforced earth or through
continuous foundations or footings combined with strapfootings
(such as the Central Station of Supplies which was built around
eight years ago and it does not show serious deterioration signs
in spite of this building was built on an old fissure).
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